The number of first spermatocytes per cyst in 5 iso-female strains of Drosophila virilis was studied with regard to fertility.
INTRODUCTION
Formation of male gametes in animals is normally accomplished by a special series of cell divisions. In general gonocytes first multiply and give rise to spermatogonia.
In respect of this period Hannah-Alava (1965) proposed a stem cell model in insects, and Lindsley and Tokuyasu (1980) estimated number of stem cells in D, melanogaster.
However, the problem that how stem cells can generate and give rise to subsequent generation of definitive spermatogonia is still controversial in Drosophila species.
Since proliferation of definitive spermatogonia takes place within cyst, the cell number of first spermatocytes examined in a cyst is indicative of frequency of multiplication divisions occurred in preceding stages (Tihen 1947; Cooper 1950; Hannah-Alava 1965; Meyer 1967; Courot et al. 1970; Kurokawa and Hihara 1967; Lindsley and Tokuyasu 1980) . Liebrich et al. (1982) recently reported that there were wide variations in numbers of first spermatocytes and of spermatids per cyst in several sppcies of Drosophila. In this connection, Lindsley and Tokuyasu (1980) suggested that premeiotic division of spermatogenesis was not canalized but it might err within certain limits. Hanna et al. (1982) proposed that the findings on numbers of spermatocytes encysted were best explained by partial asynchrony of mitotic divisions in definitive spermatogonia.
1) Present address:
Tokushima Research Institute, Otsuka Pharmaceutical Co. Ltd. shima, 771-01. Toku- It has been indicated that there were different cysts involving different number of cells even in a species such as D, virilis Kurokawa and Hihara 1976; Liebrich et al. 1982) . The authors are also concerned for the fact observed in D. virilis that both mean and mode of the cell numbers per cyst are different as strain examined. It is thus interesting that a characteristic number of the mitotic division is recognized in a good many species but not in the others of Drosophila. This paper presents the number of first spermatocytes and spermatids per cyst in 5 strains of D. virilis and a relation between variation and fertility.
MATERIALS AND METHODS
Five iso-female strains were used in this study. The TK (Tokyo) strain was chosen from the laboratory stock which originated from a single female and had long been reared for more than 40 years. The other 4 strains, A12, A13, B12 and B33 were of all collected in 1976 at a lumberyard in Matsuyama, Ehime Prefecture and immediately isolated by a single female and maintained respectively.
They were all cultured by 8 % dried beer yeast medium (agar, dried beer yeast, sugar) at 25 ± 1°C.
Number of first spermatocytes
Young, 12-hour-old male flies were dissected and the first coiling part at apical portion of the testis was picked out and put on a slide glass with 3 drops of Drosophila Ringer's solution, then after removing the sheath a coverslip was put on it. The number of first spermatocytes per cyst was counted under a phase contrast microscope. The results were composed of the number of first spermatocytes of more than 20 cysts in each individual, attaining over 100 cysts in total of each strain.
Number of spermatids
First and second coiling parts at apical portion of young adult testis were prepared for observation.
A coverslip was pressed hard to make spermatids separated, then number of spermatids per bundle was examined. The results were composed of the number of spermatids of 10 bundles in each individual, attaining 50 bundles in total of each strain.
Production of spermatozoa
Twenty five virgin male flies of TK and B12 strains were each tested for spermatozoa production. Seminal vesicles were placed on a slide glass with 3 drops of Drosophila Ringer's solution, and left for 10 minutes under a coverslip. Living spermatozoa rushed out from ` the seminal vesicles and spread , 4. Fertility 1) Male: A single 5-day-old male of TK or B12 strain was crossed respectively to three, 7-day-old TK females. The male fly was transferred into a new vial containing another three, 7-day-old TK females at every two days until oviposition could not be seen. After removing the male the females were transferred twice into new vials and allowed to lay eggs. Ten TK males and 19 B12 males were tested respectively for fertility.
Four TK males and 5 B12 males tested were disseced respectively by 60th day after their eclosion and examined for spermatozoa in their seminal vesicles.
2) Female: A single 5-day-old female of TK or B12 strain was crossed respectively to three, 7-day-old TK males and transferred together into a new vial at every two days until oviposition could not be seen. Ten TK females and 20 B12 females were tested respectively for the fecundity.
3. RESULTS
Number of first spermatocytes
The cysts involving 8 cells were dominantly seen in TK and B33 strains. The cysts with 9 cells were, on the other hand, most commonly observed in A12 and A13 strains (Figs. l and 2a) . The B12 strain was appeared to show a highest mode of 12, following much wider variation (Fig. 2a) . The result of analysis of variance for these cell numbers was shown in Table 1 .
Number of spermatids
The mean number of spermatids was approximately fourfold of that of first spermatocytes in every strain (Figs. 2a and 2b) . The result of analysis of variance for the number of spermatids was shown in Table 2. 3. Production of spermatozoa Fig. 3 shows photographs of spermatozoa just rushed out from the seminal vesicles of 10-day-old male flies. A large number of active, coiling spermatozoa were observed in TK (Fig. 3B ) but much fewer in B12 (Fig. 3A) . In TK males, spermatozoa began to appear in the seminal vesicles at 4-day-old, and the quantity of spermatozoa gradually increased with age and reached to nearly the maximum amount at 8-day-old (Fig. 4) . In B12 males, on the other hand, the spermatozoa production seemed to begin slowly, and the total production was less than half of that in TK males 4. Fertility 1) Male: Male fertility proved by the progeny numbers from TK females was shown in Fig. 5 . The mean progeny numbers per male were 23001 ± 159.0 for TK (the number of males tested, N= 10) and 243.1± 27.0 for B12 (N= 19), respectively.
It was thus found that the TK male could produce tenfold progenies of the B12 male. In, TK males, the progeny number increased rapidly and reached to a maximum at 10-day-old and gradually decreased thereafter. They seemed to be fertile at least until 40-day-old. In B12 males much lower mode in the production was seen at 12-day-old, then progeny number decreased drastically.
The male sterility in B12 began to show much faster than in TK. The 50-day-old males of this strain, if alive, were dissected, but their seminal vesicles involved only few mortal spermatozoa.
The fertility in the hybrid males risen between TK and B12 seemed to be equal to that in the males of original TK strain (Table 3) .
2) Female: The fertility in TK and B12 females both of which were tested with TK males was shown in Fig. 6 . Either of TK or B12 males seemed to be fertile until 50-day-old or a little longer. The mean progeny numbers per female tested by TK males were 439.5 ± 85.8 for TK. (N =10) and 661.6 ± 96.4 for B14 (N=20), respectively, but no significant difference was detected between these numbers.
DISCUSSION
Five strains from two wild populations of D, virilis have been examined for the number of first spermatocytes per cyst. The variation of the cell numbers, ranging from 5 to 18 through 5 strains examined is much wider than that observed in either case by Kurokawa and Hihara (1976) or by Liebrich et al. (1982) . However, the wide range peculiar to this study can be accounted for the fact that the 'only strain of B12 has extremely high number of the cells per cyst (Fig. 2a) . In this connection, the strains showing mean numbers around 8 are most commonly appeared, that is, every mode of the 4 strains, except that of B12, falls within the range between 8 and 9, showing no obvious difference between them. Since analysis of variance for the cell number shows the high significance among individuals within strains (P <0.01), the pairwise comparison among strains cannot be made. But Fs value among strains was extremely large, indicating the existence of a possible significant difference between B12 and the other four (Table 1) . So far as the examination was carried out, neither strain composing of only cysts with 8 cells nor one composing of those with extremely high number of the cells like B12 has been discovered. The facts discussed above imply that in D. virilis the cell number encysted is ordinarily 8. This indicates that the multiplication divisions took place 3 times, accompanied with the partial asynchrony, which was suggested by Hanna et al. (1982) and Lieblich et al. (1982) and Lieblich et al. (1982) ensuing the variation of cell numbers.
Every first spermatocyte gives rise to 4 spermatids in consequence of the meiosis. As shown in Fig. 2 , the mean number of spermatids in every strain comes to approximately fourfold of that of spermatocytes.
Therefore, their meioses can be assumed to be normal. The analysis of variance for the number of spermatids shows non-significant F's value (P> 0.05) among individuals within strain. The pairwise comparisons among strains reveal that there is (Table 2) . As mentioned above, the number of spermatids encysted in B12 males becomes fourfold of that of first spermatocytes, suggesting meiotic divisions had been ordinarily progressed.
However, these spermatids seemed to be almost mortal, because the spermiogenesis did not proceed. It is thus accepted that spermatid formation depends mainly on developmental process in the primary spermatocyte stage (Lifschytz and Hareven 1977; Lindsley and Grell 1966) . Judging from the data mentioned here, it may well be concluded that some special factor causing production of cysts with higher numbers, such as 11 or 12, of first spermatocytes encysted may operate in premeiotic phase in B12 males. There seems to exist a relation between the number of first spermatocytes per cyst and the male fertility in TK and B12. The TK males characterized by having commonly 8 cells can produce much more spermatids than B12 males having peculiar number of the cells (Figs. 1 and 3) . The adult testes of TK and B12 males cannot be identified by mere comparison of their morphology. However, the sheath color of TK testis is rather pale at younger stage, then developed and thickened rapidly as the seminal vesicle becomes to be replete with mature spermatozoa. As to B12 males, on the other hand, there are two cases, one of which remains still undeveloped seminal vesicle throughout the lifetime, the other of which contains several spermatid bundles with a few mature spermatozoa.
The flies of B12 examined should have fully been matured sexually, because they are all of 10-day-old. These facts lead to that a cyst having higher numbers, such as 11 or 12, seems not to be able to generate normal spermatogenesis. The decreasing in number of mature spermatozoa in B12 males, as a matter of course, results in subsequent handicap in their fertility, they can thus fertilize females only one tenth of TK males. On the other hand, total number of the progenies produced by female flies is 1.5 times as much as those by TK females. The B12 strain has an advantage over TK strain as concerned only in the female productivity. This superiority may be attributed to that the female flies of B12 have more number of the ovarioles (TK = 40.0 ± 0.7, B12=45.5±0.8, P<0.01).
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